SUMMARY The relationship between the configuration of agarose-gel lipoprotein electrophoresis patterns and the extent of coronary artery disease (CAD) was studied in consecutive patients undergoing diagnostic coronary angiography. Three groups were identified: patients with normal coronary arteries (group 1), patients with minor luminal irregularities (group 2) and patients with significant coronary artery obstructions (group 3). Densitometric scans of the electrophoretograms were studied to determine the relative proportion of lipoproteins in each major fraction and the configuration of the pre-3 complex. The presence of multiple subfractions within the pre-0 lipoprotein complex had a sensitivity of 66% for the presence of CAD and a specificity of 99%. A decreased level of a, lipoproteins, defined as less than 25% of total lipoproteins, occurred almost entirely in groups 2 and 3, whereas an increased level (.> 28%) of pre-f lipoproteins was less specific for CAD. The proportions of a and pre-f3 lipoproteins were inversely related (r = 0.677). Although abnormalities of serum cholesterol and/or triglycerides were common in groups 2 and 3, the detailed study of lipoprotein patterns provided a more sensitive index of disordered lipoprotein metabolism. The angiographic severity of CAD was significantly related to age and to levels of serum triglycerides, a, lipoproteins, and pre-f lipoproteins. The relationship between quantitative abnormalities of serum lipids and coronary artery disease (CAD) is more evident when coronary angiography is used to show the presence of atherosclerotic disease. This approach excludes subjects who have had either a myocardial infarction or angina pectoris on a basis other than fixed obstructions of coronary arteries secondary to atherosclerosis. Consequently, the prevalence of elevated levels of serum lipids in this very selected population ranges from 40-90%,'-6 and may be higher in young subjects.6"8
THE INCIDENCE of clinical events that are a consequence of coronary atherosclerosis is clearly increased as serum lipid levels rise." 2 However, coronary atherosclerosis is not limited to subjects with marked hyperlipidemia, as shown in the Framingham Study, in which 251 of 322 males who subsequently developed coronary heart disease had initial serum cholesterol levels below 250 mg/dl.' Similarly, in a study of 500 survivors of acute myocardial infarction, only 31% had elevated levels of serum cholesterol or triglycerides.3 Therefore, predictors of coronary atherosclerosis that are more sensitive than serum lipid levels are needed.
The relationship between quantitative abnormalities of serum lipids and coronary artery disease (CAD) is more evident when coronary angiography is used to show the presence of atherosclerotic disease. This approach excludes subjects who have had either a myocardial infarction or angina pectoris on a basis other than fixed obstructions of coronary arteries secondary to atherosclerosis. Consequently, the prevalence of elevated levels of serum lipids in this very selected population ranges from 40-90%,'-6 and may be higher in young subjects. 6"8 Elevations of low-density lipoproteins (LDL) are also predictive of subsequent coronary events but are Supported in part by a grant from the American Heart Association, Northeast Ohio Affiliate.
considered by some investigators as no more helpful than levels of serum cholesterol.' Recent data indicate that the level of high-density lipoprotein (HDL) cholesterol is inversely related to both the incidence and prevalence of coronary heart disease, and its discriminative function is independent of serum cholesterol level." 11 Traditionally, physicians have focused on serum lipid levels when ascertaining the risk for coronary heart disease because concentrations of all serum lipoprotein classes were not readily obtained. However, lipoprotein electrophoresis is now widely available and can provide the relative proportions of the main electrophoretic lipoprotein fractions. In our modification, this method can also identify quantitative and qualitative changes within the pre-f3 complex. Whether these abnormalities are related to the presence or absence of CAD needs to be critically examined. In this report we describe our experience with a specific modification of agarose-gel electrophoresis in patients in whom CAD was documented by coronary angiography.
Methods Patient Selection
Consecutive patients were selected on the basis of referral to the cardiac catheterization laboratory for diagnostic coronary angiography. The study population included subjects with chest pain of uncertain etiology, candidates for possible coronary bypass surgery and patients with valvular heart disease undergoing preoperative coronary angiography. None were taking drugs to lower serum lipids. Patients with liver disease, thyroid disease, recent myocardial infarction, alcoholism or who were in New York Heart Association class IV were excluded.
LIPOPROTEIN ELECTROPHORESIS IN CAD/Bahler et al. Coronary Angiography
Coronary arteriograms were performed by the Sones technique. Radiographic imaging was performed with a cesium-iodide image intensifier and a 135-mm lens. Filming was at 30 frames/sec and the 35-mm films were viewed on a Tagarno projector. The magnification factor for the viewed films was 2.8 and the line resolving power of the system was 80 line pairs/inch. Each film was reviewed by two experienced observers. The right coronary artery, left main trunk, left anterior descending artery, left main circumflex artery, lateral ventricular branch of the circumflex and the vessel to the posterolateral wall of the left ventricle were individually graded according to the following criteria: 0 = no visible irregularity; 1 = definite irregularity but no narrowing greater than 49%; 2 = 50-74% reduction in vessel diameter; 3 = 75-99% reduction in vessel diameter; 4 = total occlusion. The sum of the grades assigned to each vessel represents an expression of the overall severity of CAD. The grading was completed without knowledge of the lipid studies. The subjects were then divided into three groups according to the results of coronary angiography: group 1 -no CAD (grade 0 in all vessels); group 2 -minimal CAD (grade 1 lesions in one or more vessels); group 3 -obstructive CAD (grade 2 lesions in one or more vessels).
Lipid Analyses
Blood samples in EDTA, as well as without anticoagulant, were obtained on the morning of the cardiac catheterization after a 14-hour fast. Because a large population of subjects with proved normal coronary arteries had never been investigated, the choice of an a1 lipoprotein less than 25% and the pre-,B complex greater than 28% as abnormal was based on prior comparisons of electrophoretic and ultracentrifugal analyses of plasma lipoproteins from a broad population. The small numbers in group 1 resulted in wide standard deviations and so precluded the use of two standard deviations beyond the mean as the normal range. Other levels were examined as to specificity and sensitivity but did not result in a better separation of groups.
The selection of serum cholesterol . 250 mg/dl and serum triglycerides . 150 mg/dl as abnormal was arbitrary. Lower cut-off values resulted in insignificant differences in prevalence between groups 1 and 3.
Statistical Methods
Two-way analysis of variance (fixed-effects model) and multiple comparisons were used to determine the significance of differences between groups in table 1. The two factors for analysis of variance were sex and the severity group (three levels). The chi-square statistic was used to assess differences between group 1 and group 3 in tables 2, 3 and 4. The correlation between lipid determinations and severity of disease was examined by using stepwise linear regression analysis. The sensitivity and specificity of serum lipid levels and lipoprotein electrophoretic abnormalities in detecting patients with CAD were defined as follows: The mean age of group 1 was slightly less than that of groups 2 and 3, and females were predominant in groups 1 and 2. Within each group there was no statistically discernible differences between the lipid levels for males and females. Although the levels of serum cholesterol were somewhat higher in groups 2 and 3 than in group 1, the differences were not significant. The serum triglyceride level was substantially higher in group 3 than in group 1 (p < 0.01). The agarose-gel electrophoretic pattern of plasma lipoproteins usually consists of three major fractions and may exhibit additional subfractions. The lipoprotein composition of the a and B3 fractions is constant. The a, fraction contains an albumin-fatty acid complex (a1-y) with a mobility of 10.36 t 0.30 X X 10C cm2/V.sec and HDL2 , (a,-x) with ,u = 8.48 ± 0.40 X 10-5 cm2/V.sec. The LDL2 subclasses always form the d electrophoretic fraction (,u -2.13 ± 0.20 X 10-6 cm2/V.sec).
The pre-f8 complex is far more variable and may possess one to three subfractions.'3 Pre-f, subfraction (, = 3.00 ± 0.45 X 10C cm2/V.sec) is composed predominantly of LDL, and some very low density lipoproteins (VLDL), whereas the pre-02 subfraction (, = 3.83 ± 0.30 X 10C cm2/V sec) contains mostly VLDL; however, when chylomicrons and very very low density lipoproteins (VVLDL) are present in the plasma in low concentrations, they will also migrate with the pre-f2 subfraction. When the chylomicrons exceed 5% of the total lipoprotein concentration, the a2 subfraction (,u = 4.70 ± 0.25 X 10-cm2/V.sec) separates and contains a majority of the VVLDL and chylomicron particles.
Classification of Electrophoretic Patterns
The standard lipoprotein phenotypes were classified quantitatively according to Fredrickson and Levy.18 Only IIA, IIB and IV phenotypes were found in our subjects.
In addition to the classification by phenotype, one can designate subtypes based on the number of fractions within the pre-/3 complex ( fig. 1 ). All IIB and IV patterns can be subtyped. When a pre-,B fraction appears in phenotype IIA or in patterns that are normal (N) in all other respects, subtypes can also be designated. Subtype "aa" occurs only in phenotypes IIB and IV, whereas subtype "b," which is very common in types IIB and IV, can occasionally be seen in hIA and N patterns.
Correlation of Electrophoretic Data with CAD
Mild abnormalities of the pre-0 complex were present in 14 of 37 group I subjects. Thirteen had subtype IV-c and only one subject had double pre-f subfractions (IV-b), but none had an a2 subfraction. In group 2, eight of 17 subjects had subtypes IV-b or IV-c and an additional three had JIB-b patterns.
In group 3, 96 of 122 subjects had pre-f3-complex 1218 CI RCULATION evidence of CAD. Recognition of patients with minimal disease is essential when attempting to characterize metabolic changes in patients with atherosclerosis. Our data indicate that subjects with minimal disease have a significantly greater prevalence of serum lipid and lipoprotein abnormalities than patients with normal coronary vessels. The importance of these signs of abnormal metabolism is emphasized by the observation that subjects with even minimal coronary irregularity have a higher incidence of subsequent coronary events than those with entirely normal vessels.29 Similarly, recognition of subjects with entirely normal vessels defines a group with almost no cardiac mortality29 and a low prevalence of abnormal lipoprotein metabolism. When CAD is documented by coronary angiography, the coronary disease groups have consistantly exhibited higher lipid levels than the controls, but the prevalence and the severity of these variations in quantities do differ between studies. 4" 8, 8, 30 The highest serum lipid levels also tend to be associated with a greater extent of coronary disease.30 -3 Similar data were obtained by Jenkins and co-workers, who extended the observations to cholesterol levels of the major lipoprotein classes.34 Severity of CAD was directly related to LDL cholesterol, VLDL cholesterol and LDL triglyceride and inversely related to HDL cholesterol. Likewise, the proportion of a, lipoproteins was inversely related to extent of CAD in our study, but the partial correlation coefficient was not significant for this as a single variable. Although we also found that age and serum triglyceride levels were related to the extent of CAD, an association with serum cholesterol levels was not evident. Perhaps the latter observation relates to the moderate decline in serum cholesterol levels that has occurred in the general population of the U.S. since 1970. 11 The lack of strong correlations between the abnormalities of lipids and lipoproteins and the extent of CAD defined angiographically is not surprising. The inherent difficulties in quantitating the precise extent of CAD are formidable. Further, there are many other factors, apart from disorders of lipid and lipoprotein metabolism, that influence the degree of atherosclerosis and the severity of an obstructive lesion. In addition, the severity of any lipoprotein derangement varies with time and in many cases may be less evident when clinical symptoms appear.
Although marked hypercholesterolemia is a strong predictor of initial CAD events, large proportions of our study population and the general population who develop symptomatic CAD have serum cholesterol levels similar to those found in our disease-free group. This finding suggests that we need to gain understanding of additional metabolic markers associated with CAD. Agarose-gel lipoprotein electrophoresis can be used to identify distinctive features that reflect altered lipoprotein metabolism. Pathologic electrophoretic patterns are significantly more prevalent in a population with asymptomatic and early coronary artery atherosclerosis and probably reflect metabolic disturbances that contribute to atherosclerosis and are not just a consequence of advanced CAD.
